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EXPERIMENTAL INVESTIGATION OF LITHIUM HYDRIDE AS A

HEAT-SINK MATERIAL

By C. Robert Morse and Robert 0. Hickel

SUMMARY

An experimental investigation using relatively small laboratory-type

test containers was made in order to obtain some insight into the possi-

bility of using lithium hydride for cooling applications where high heat
loads are encountered.

When lithium hydride was heated from room temperature to 1880 ° F at

ground level atmospheric pressure, the material absorbed about 6000 Btu

per pound, which indicated that about 75 percent of the lithium hydride

was dissociated. The cooling characteristics of dissociating lithium

hydride were therefore evaluated with two types of instrumented stainless-

steel containers that could be electrically resistance heated. Both types

were closed at one end. One type container was a 1/2-inch-diameter tube,

lO inches long; the other type was l½ inches square and 3 inches high.

1
From heating runs made with the l_-inch-square containers at heat

fluxes of the order of 30 to 40 Btu per second per square foot, it was

found that dissociating lithium hydride probably can be used as an effec-

tive heat sink provided that certain undesirable cooling characteristics

can be tolerated. The container must be so designed that there is a

large ratio of free surface area to volume for the lithium hydride, and

the hydrogen vent system must confine the coolant to the container during

the dissociation period. During dissociation the cooling characteristics

are likely to be erratic and unpredictable, and relatively large tempera-

ture gradients may occur in the container wall. Some of these unfavor-

able cooling characteristics can be reduced by the addition of about 13

percent pure lithium to the lithium hydride charge.

The large amounts of hydrogen gas liberated during dissociation made

it impractical to use lithium hydride as a high-capacity heat sink i_

containers having a diameter of 1/2 inch and a heat input of l0 Btu per

second per square foot. In containers with such small diameters the

liberated gas expelled the lithium hydride from the container before a

practical amount of dissociation had occurred.



INTRODUCTION

Because of its high heat of dissociation per unit of weight and the

temperature at which dissociation starts, lithium hydride appears to be

a desirable heat-slnk material for cooling applications such as those

encountered in hypersonic airplanes, space planes, reentry vehicles, and

solid-propellant rocket engines if its heat-absorption capacity can be

used effectively. An experimental investigation was therefore made with

laboratory-type equipment to determine the feasibility and effectiveness

of utilizing lithium hydride as a heat sink in applications for tempera-

tures up to the order of 2000 ° F and heat fluxes up to 50 or 40 Btu per

second per square foot.

It can be shown that when the specific heat and heat of fusion of

lithium hydride are considered, the material can absorb about 3260 Btu

per pound when it is heated from 77 ° F to about 1500 ° F. If the material

could also be dissociated, an additional amount of heat of the order of

4500 Btu per pound could be absorbed. For the temperature range consid-

ered, lithium hydride would then be capable of absorbing more heat per

unit of weight than any other material known to the authors. Reference

i shows that dissociation of lithium hydride starts at about 1500 ° F at

i atmosphere of pressure and that only a small portion of the lithium

hydride will dissociate at this temperature unless the pressure is re-

duced. For the most effective use of lithium hydride as a heat sink, it

should be utilized at temperatures and pressures that permit a consider-

able portion of the material to dissociate. From data that are presented

in reference i it is indicated that even at a pressure of 200millimeters

of mercury only about 80 percent of the lithium hydride would dissociate

at a temperature of 1517 ° F. In order to dissociate more than about 92

percent of the lithium hydride at th!s temperature, a pressure of less

than 8 millimeters of mercury would be required. No information appears

to be in the literature concerning the amount of dissociation that occurs

at higher temperatures.

The high-temperature components of hypersonic airplanes, space

planes_ reentry vehicles, or solid-propellant rocket engines could possi-

bly be fabricated from alloys that have reasonable strength and durability

at temperatures as high as 1800 ° to 2000 ° F. Reference 2 shows that when

the leading-edge regions of a typical hypersonic airplane were cooled to

1800 ° F, the associated heat fluxes ranged from 15 to 95 Btu per second

per square foot. It was also suggested in reference 2 that lithium hy-

dride might be a possible coolant for the leadlng-edge portions of the

airplane.
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The present investigation was made, therefore, to determine whether

a significant portion of the potential heat-sink capacity of lithium hy-

dride can be realized at temperatures several hundred degrees higher than

1517 ° F (the temperature at which dissociation starts at i atm of pres-

sure). It was also desired to obtain some general idea of the cooling

characteristics of dissociating lithium hydride for temperatures up to
about 2200 ° F.

The heat-sink capacity of lithium hydride was evaluated in a calo-

rimeter at a pressure of about i atmosphere and a temperature of 1880 ° F

for a heat flux into the lithium hydride of 13 Btu per second per square

foot. The general cooling characteristics of dissociating lithium hy-

dride were evaluated in two types of electrically heated containers, one

with a low and one with a high ratio of free surface area to volume for

the liquid lithium hydride. The heat flux into the coolant was i0 to 40

Btu per second per square foot, and the maximum container wall tempera-
ture was about 2200 ° F.

APPARATUS

The effectiveness of the lithium hydride cooling process for ambient

ground-level atmospheric pressure was established in a calorimeter such

as that shown in figure i. It consisted of an electrically heated cru-

cible that contained barium chloride salt (melting point, 1785 ° F). A

2_-inch-diameter stainless-steel lithium hydride container was suspended

in the salt. Thermocouples were placed in the salt bath so that its tem-

perature could be monitored. The voltage to the heating element was ad-

justable, and the power input was recorded on a strip-recording watt-
meter.

The cooling characteristics of dissociating lithium hydride were

investigated in two types of containers, one with a relatively low total

volume and a low ratio of liquid lithium hydride free surface area to

volume and the other with a relatively large volume and a large ratio of

liquid lithium hydride free surface area to volume.

The small-volume container was made from i/2-inch-diameter type 302

stainless-steel tubing with a wall thickness of 0.051 inch. The lower

end of the tube shown mounted in the test apparatus in figure 2 was

sealed, and the upper end was fitted with a i/4-inch tube to vent the

hydrogen gas evolved during dissociation. The i/2-inch-diameter tube

was used because it approximates the leading-edge size of the wing of a

hypersonic airplane or the tube size that might be used in a conventional

heat exchanger. During the experiments the tube-type lithium hydride

containers were placed within an insulated box as shown in figure 2.



The large-volume containers were square in cross section (fig. 3).
The containers were madefrom O.031-inch-thick type 314 stainless steel.
The bottom extended 1/2 inch on opposite sides of the container to permit
the connection of electrical leads for heating purposes. This container
was insulated and mounted for test purposes as shownin figure 3(b). In
someof the tests a cover with a 3/8-inch-diameter vent tube was welded
on the top of an open container as indicated by the dashed lines in
figure3(b).

Chromel-Alumel thermocouples were spot-welded to the walls of the

test containers so that their temperatures could be monitored continu-

ously. Seven thermocouples were placed on the tube-type containers (fig.

2); five thermocouples were placed on the bottom of the square-type con-

tainers (fig. 3(c)).

!
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PROCEDURE

Throughout this investigation lithium hydride powder or compacted

lithium hydride powder was used. In all cases the powder was commer-

cially available Class V powder (guaranteed assay is 93 percent and all

particles pass through 35 mesh screen).

The cooling effectiveness of lithium hydride was evaluated in the

calorimeter described previously. The procedure was first to bring the

calorimeter to a thermal equilibrium condition with the lithium hydride

container empty and the salt bath at a temperature of about 1880 ° F

(this was near the maximum temperature capabilities of the calorimeter).

At this equilibrium condition the heat (or power) input, as indicat@d by

the recording wattmeter, was constant with time. Lithium hydride charges

that consisted of compacted cylinders of lithium hydride powder were then

dropped into the container through the vent tube (fig. i). These cylin-

ders were about 1/2 inch in diameter and weighed about 5 or 6 grams.

0nly one cylinder was used for a given test run. When the lithium hy-

dride was placed in the container_ the temperature of the salt bath was

maintained at a constant value by increasing the power input to the cru-

cible. The test was continued until the power input level returned to

the level that existed for the equilibrium condition prior to the intro-

duction of lithium hydride into the system. The amount of heat absorbed

by the lithium hydride was assumed equal to the additional electric power

required to maintain a constant salt bath temperature. Calibration tests

of the calorimeter indicated that the maximum heat flux into the lithium

hydride container was about 13 Btu per second per square foot.

The effectiveness of the lithium hydride cooling process was assumed

to be equal to the heat absorbed by the lithium hydride divided by the

theoretical amount of heat that would be absorbed by a completely disso-

ciated lithium hydride charge when heated from room temperature to the
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temperature of the salt bath (1880 ° F). A sample calculation for deter-

mining the amount of heat that can be absorbed by lithium hydride when

it is heated from room temperature to 2000 ° F and assumed to be completely

dissociated is presented in the appendix.

The cooling characteristics of dissociating lithium hydride were de-

termined in both the tube- and square-type containers. Each test con-

tainer was charged with 15 grams of lithlum hydride powder within a dry-

box. For the tube-type container, the 15-gram charge filled the tube to

a depth of about I0 inches. For the square-type containers, the depth of

charge was about 3/4 inch as indicated in figure 3(b).

In order to prevent contamination of the lithium h_dride charge from

air or moisture while the container was being transported and installed

in the test equipment, the tops of the containers were sealed while the

containers were still in the drybox. For the tube- and square-type con-

tainers with a cover and vent tube assembly, a cork was placed in the end

of the vent tube. For the square-type containers with an open top, a

plastic film cover was placed over the end of the container.

The cork plugs on the tube-type containers were loosened immediately

prior to the start of a test and were permitted to remain loosely on the

top of the vent tube until evolution of hydrogen during the dissociation

process forced the cork from the vent tube. For the square-type con-

tainers with a cover and vent tube assembly, the vent tube was bent into

an inverted U-shape with the cork in place. Immediately prior to test-

ing, the end of the vent tube was submerged in kerosene and the cork was

removed. For containers with plastic covers, the covers were permitted

to remain in place until they were burned off after the heating cycle for

a given container was started.

For each type of container configuration investigated, a given con-

tainer was charged only once with lithium hydride and heated. This pro-

cedure was followed in order to avoid the use of containers that might

have become corroded or otherwise damaged during a previous run and thus

would affect subsequent cooling results.

The initial experiments consisted of (i) heating empty containers at

a given electric input and obtaining the time-temperature relation for

the containers, (2) charging the containers with lithium hydride, and (3)

repeating the heating cycle with the same electric input that was origin-

ally used for heating the empty container. The time-temperature rela-

tions of the charged containers were then compared with those of the

empty containers, and the cooling performance of the lithium hydride was

evaluated by observing the differences between the time-temperature

curves of the empty and the charged containers.



In someinstances pure iithiumwas added to the lithium hydride in
order to determine whether such an additive would improve the heat-
transfer characteristics of the lithium hydride.

RESULTSANDDISCUSSION

Cooling Effectiveness

The cooling effectiveness of lithium hydride whenheated from room
temperature to 1880° F at constant ground level pressure was obtained by
the method outlined in the PROCEDURE.Calibration tests indicated that
the maximumnet heat flux into the lithium hydride was about 13 Btu per
second per square foot.

A total of six separate runs was _madeto determine the overall ef-
fectiveness of the cooling process. Effectiveness values (the ratio of
the actual heat absorbed by the lithiumhydride to that of the ideal
amount of heat that would have been absorbed between 80° and 1880° F if
i00 percent dissociation had occurred) ranged from 0.70 to 0.97; the
average value of effectiveness for the six runs was 0.83. This average
indicates that complete dissociation did not result for the conditions of
the tests. If the lithium hydride is assumedto have melted completely
and the heat absorption values given in the appendix are used, the infer-
ence maybe madefrom the results that at 1880° F only about 75 percent
of the lithium hydride was dissociated in the experiments. The effec-
tiveness value of 0.85 represents a total heat-sink capacity equivalent
to about 6000 Btu per pound, which is a substantial heat capacity com-
pared with other possible heat-slnk materials. Even though complete or
nearly complete dissociation was not achieved, the indication of favor-
able overall cooling effectiveness warranted investigation of the cooling
characteristics of dissociating lithium hydride.

!
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Cooling Characteristics of Dissociating Lithium Hydride

Tube-type container. - Two test runs were made with charged i/2-inch-

diameter tube-type containers following the procedure discussed previously.

Calibration tests indicated that the heat flux into the lithium hydride

was about i0 Btu per second per square foot. For both runs the time-

temperature data obtained were very erratic for all thermocouple locations.

In general, it appeared that the lithium hydride was not cooling the con-

tainer to any significant degree. During the runs considerable quantities

of molten material were ejected from the vent tube. After the containers

had cooled at the conclusion of the tests, they were examined to determine

their internal condition. Practically all the material originally in the

containers was gone. The fact that the containers were essentially empty,

in addition to the very poor cooling results, seemed to indicate that as
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the lithium hydride reached the temperature at which dissociation starts

(about 1500 ° F) the liberation of hydrogen gas was so great that it se-

verely agitated the molten contents within the container. As the gaseous

hydrogen passed upward through the container and out the vent tube, large

amounts of molten lithium hydride were carried along and expelled from

the container. In this manner most of the lithium hydride coolant was

ejected from the container before complete dissociation took place.

It was concluded from these results that dissociating lithium hy-

dride would not function suitably as a coolant in a i/2-inch-diameter

tube where the heat input into the lithium hydride was of the order of

i0 Btu per second per square foot.

S_uare-type container. - Because of the difficulty encountered in

attempting to employ dissociating lithium hydride as a coolant in a rela-

tively small diameter and small volume tube, it was thought that a con-

tainer having a larger volume and cross-sectional area than the tube-type

container might permit the lithium hydride to cool more effectively. A
i

container iF inches square and 3 inches high, as described previously_

was therefore arbitrarily selected. Such a container has relatively
i

large cross-sectional area (2_ sq in.) compared with that of the tube-

type container (0.196 sq in.). Also, the volume of the square-type con-

tainer was 3.5 times that of the tube-type container. The larger cross-

sectional area and volume of the square-type container were expected to

result in entrapping a smaller quantity of lithium hydride in the liber-

ated hydrogen and carrying it out of the container.

The square-type container does not represent a known type of direct

application for a cooling device. The general principle, however, could

possibly be used in some dual coolant system where a high-temperature

cooling fluid would transfer its heat to the lithium hydride in a suit-

able heat exchanger.

For all the tests made with square-type containers, the electric

power input to the container was maintained at a constant value of 2000

watts. Calibration tests indicated that this power input resulted in a

net heat input to the lithium hydride of the order of 30 to 40 Btu per

second per square foot.

The square-type container was first investigated with an open top

as illustrated in figure 3(a). The initial charges placed in the con-

tainer consisted of 15 grams of lithium hydride powder. Three separate

runs were made (fig. 4). The boundaries of the dark areas shown in fig-

ure 4 represent the minimum and maximum temperatures as indicated by the

five thermocouples on the bottom of the container. For comparison_ the

results of heating an empty square-type container are shown in figure
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4(a) by the light area boundedby curves that indicate the minimumand
maximumtemperatures measuredon the bottom of the empty container.

During the runs with the open-top containers it was observed that
after about 5 minutes of heating, violent agitation of the fluid within
the containers would occur and muchof the coolant would be ejected from
the container. As the hot fluid was ejected, it would severely attack
the insulation on the containers; furthermore, a hydrogen fire would
generally start. This behavior would, of course, affect the heat-transfer
characteristics and the temperatures of the containers. The significance
of the data in figure 4 after 5 minutes of operation is therefore ques-
tionable. Because of the difficulties, the open-top-contalner tests were
terminated after 6 or 7 minutes of operation.

In spite of the ejection of coolant from the open-top containers,
it is believed that the temperature data of figure 4 are of somegeneral
use and that several conclusions can be made. Comparisonof the tempera-
tures of the charged containers with those of the empty container indi-
cates that the lithi_mhydride is absorbing heat and contributing to the

i
cooling of the containers. For example, after 3[ minutes of operation
the empty container reaches temperatures of the order of 2400° F, while
the charged containers reach a maximumtemperature range from about
1480° (run 2) to 1730° F (run 3). For run 3, however, a maximumtempera-

i
ture of 2000° F was reached after 2_ minutes of heating, followed by a
decrease, and then a leveling off of the maximumtemperature for the
balance of the run.

Figure 4 also shows that considerable variation in the time-
temperature relation can result from run to run. For run I the behavior
of the minimumand maximumtemperatures nearly parallel each other, that
is, when one reverses trend, the other also reverses. On the other hand,
run 3 is quite erratic; in some instances the trends of the minimumand
maximumtemperatures are in opposite directions. The erratic cooling
can result in somerather large temperature differences on the bottom of
the containers. Run i generally exhibited temperature differences of
approximately i00 ° to 200° F during the greater portion of the test pe-
riod. Run 2 shows a rather large temperature spread during the first 3
minutes of heating with temperature differences of approximately SO0° F

i
occurring in the time interval from I to i[ minutes. After about J_olmin-
utes of operation the spread is reduced considerably and ranges from 60°
to iSO° F for the balance of the run. Run 3 exhibited temperature spreads
of the order of 600° F during the first 1/2 minute of operation; from

i
1/2 to i[ minutes the temperature spread was about 80° to 150° F. After
i

i[ minutes the temperatures becamevery erratic with temperature spreads
i

ranging from nearly i00 ° to S00° F for the time interval from i[ to 5
minutes.

bJ
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The unpredictable and erratic behavior of the temperatures on the

bottom of the container, which can result in large temperature differ-

ences over distances of about i inch or less, would be undesirable in

most cooling applications. In cooling systems where the maximum allow-

able temperature might be limited to a value of 2000 ° F, the erratic be-

havior of the coolant might lead to local hot regions that would be

structurally undesirable. Furthermore, the large temperature gradients

might induce thermal stresses that would lead to early structural

failure.

The erratic behavior of lithium hydride as a coolant is not clearly

understood. The bubbles of hydrogen gas that form within the molten

lith±_ hydride as dissociation occurs may remain attached to the bottom

portion Of the container for significant lengths of time. The hydrogen

gas within the bubble would provide a poor thermal conductor relative to

lithium hydride. As a result, the temperature in the container wall

would rise in the region surrounded by the bubble until such time that

the hydrogen gas is dissipated and replaced by liquid lithium hydride

and/or lithium.

Another possibility that may have contributed to the erratic behav-

ior of the temperatures on the bottom of the container was the use of

electrical resistance heating. Inasmuch as one of the products of the

dissociation process is molten lithium, which is a good electrical con-

ductor, the possible accumulation of lithium in local areas on the bottom

of the container during dissociation could perhaps change the local elec-

trical resistance and thus the local temperatures measured on the con-

tainer bottom. Because the density of lithium is about 36 percent less

than that of lithium hydride, and because of the active agitation of the

fluid within the container during the dissociation process, it may be un-

likely that significant quantities of lithium would accumulate on the

bottom of the container. In any event, it is difficult to predict accu-

rately what effect local collections of lithium on the bottom of the con-

tainer might have on the temperature behavior and distribution. This

difficulty is caused by many factors such as the size and stability of the

local lithium deposit_ the solubility of lithium in lithium hydride_ the

electrical contact between the lithium and the bottom of the container,

the actual current paths in the system_ and the thermal conductivities

of the materials involved_ which would all affect the local transient

temperatures. In order to obtain some idea of whether the local tempera-

ture would be seriously affected by possible local deposits of lithium

when the container bottom was electrically heated, several flame-heated

containers charged with lithium hydride were investigated briefly.

The time-temperature patterns that resulted for the flame-heated

container were compared with those of electrically heated containers for

similar heat fluxes. The temperature patterns and the temperature dif-

ferences were essentially the same for both heating methods. From this
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evaluation it was felt that the effects of changes in local electrical
resistances caused by possible local concentrations of lithium on the
bottom of the container were not a significant influence on the local
ten_erature and would not greatly affect the results reported herein.

Inasmuchas lithium hydride does not melt until it reaches a temper-
ature of about 1270° F, the powder within the container might hinder con-
siderably the boat-transfer process from the container wall to the lithium
hydride until all the lithium hydride actually reached its melting tem-
perature. If a relatively low-melting-point slurry could be produced by
adding a low-melting-point material to the lithium hydride, the mobility
and, therefore, the heat-transfer characteristics of such a slurry possi-
bly would be superior to that of the lithium hydride powder alone. Any
additive must, of course, be compatible with lithium hydride. Flakes of
lithium (melting point of 3S4° F, ref. 3) were added to lithium hydride
in two different amounts in order to provide a low-melting-point slurry.
In one case a mixture of 13 grams of.lithium hydride and 2 grsLmsof
lithium was tested, and in another, a mixture consisting of ii grams of
lithi_ hydride and ¢ grams of lithium was used; the percentages of
lithium by weight in these mixtures amountedto about 13 and 26 percent,
respectively.

The results for charges containing 13 grams of lithium hydride and
2 gr_s of lithium are presented in figure 5. Figure 6 summarizesthe
results for charges containing ii grams of lithium hydride and 4 grams
of lithium. For comparison purposes, the time-temperature relations of
an empty container and of a 15-gram lithium hydride charge (run i, fig.
4(a)) are replotted in figures 5(a) and 6(a). Run ! of the tests with
the 15-gram lithium hydride charges was selected for comparison because,
in general, it had the least temperature spread and could probably be
considered the best of the three runs illustrated in figure 4.

The difficulty of the coolant being expelled from the container
after about 5 minutes of heating also occurred for the runs with the
lithium additive. As a consequence, the results in figures 5 and 6 for
heating periods greater than S minutes are not significant.

A comparison of the results with the lithium additive (figs. 5 and
6) with those containing only lithium hydride (fig. 4) show no signifi-
cant temperature differences during the first minute of heating (the time
required for the lithium hydride to reach its melting temperature of
1270° F). The similarity of all the results during the first minute of
operation indicates that the addition of lithium did not improve the
heat-transfer characteristics of the lithium hydride before it reached
its melting point.

A comparison of the temperature patterns of figures 5 and 6 with
those of figure 4 after I minute of operation indicates that a more uni-
form temperature on the container bottom results when lithium was added

!
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to the lithium hydride charge. Extremely erratic heating such as en-

countered in run 3 of the iS-gram lithium hydride charge (fig. 4(c)) was

not encountered in any of the runs in which lithium was added to the ini-

tial charge. In general, the spread between the minimum and maximum tem-

peratures was less than that with lithium hydride only. Also, the pea]<

temperatures reached during the first A minutes of heating were less for

the runs with the lithium additive. A comparison of the results of fig-

tire 5 with those of figure G does not show any marked differences; there-

fore, the charge with 4 grams of lithium does not seem to have any advan-

tage over a charge with only 2 grams of lithium.

From these results it appears that the addition of lithium to form

a low-melting-point slurry of lithium and lithium hydride does improve

the cooling after the first minute of the heating cycle. The addition

of lithium, however, decreases the amount of lithium hydride in a given

charge and therefore potentially decreases the heat-absorbing ability of

the charge by the dissociation process.

As mentioned previously, considerable difficulty was encountered

with respect to retaining the coolant within the open-top container

after about 5 minutes of heating. In an attempt to confine the coolant

within the container and to prevent destruction of the insulation and

ignition of combustibles, a vent system such as that mentioned in the
APPARATUS was attached to two of the square-type containers. These con-

tainers were charged with 15 grams of lithium hydride powder, and two

runs were made with constant electrical heat inputs of 2000 watts. The

duration of heating for one run was IS minutes; for the other run the

heating time was terminated after i0 minutes because of a failure in the

vent-tube attachment.

In general_ the vented cover for the square-type container prevented

ejection of the fluids from the container and thus prevented loss of

dissociation potential and destruction of the insulation around the con-

tainer and also eliminated combustion in the vicinity of the experiment.

The time-temperature results of the tests made with the vent system

are shown by the crosshatching in figure 7 for both runs. The tempera-

tures plotted are the minimum and maximum temperatures as indicated by

the five thermocouples on the bottom of the container. Also shown in

figure 7 by the dark areas are the temperature histories of two of the

three open-top container runs made with i8 grams of lithium hydride and

first discussed in figure 4. In figure 7(a) the dark area is from fig-

ure 4(a), which represents the best of the temperature patterns from

figure 4; while in figure 7(b) the dark area is from figure 4(c), which

is the most erratic temperature pattern from figure 4.

The results of the two runs for the vented-top containers indicated

that considerably different temperature patterns can result from run to
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run, much the sameas was experienced when open-top containers with 15
grm_s of lithium hydride were tested. Run i (fig. 7(a)) exhibited a
fairly uniform temperature increase with heating time, but run 2 (fig.
7(b)) exhibited an erratic temperature behavior for the time interval

i
from i_ to about 5 minutes. After 6 minutes of heating_ both runs ex-
hibited good cooling with relatively small differences between the mini-
mumand maximumtemperatures. After i0 minutes of heating, the mean
temperatures for runs i and 2 were about 1770° and 1800° F, respectively.
This trend indicated that, in spite of the erratic behavior of run 2 dur-
ing the initial 5 minutes of heating, both runs achieved approximately
the same temperatures after i0 minutes of operation. For run 2_ after
15 minutes of heating, the minimumand maximumtemperatures were 2150°
and 2270° F, respectively; these compareto minimumand maximumtempera-
tures of approximately the samevalues for an empty container (fig. _(a))

i
after only 2_ minutes of heating. Effective cooling was therefore
achieved in the vented-top containers for longer periods of time than in
the open-top containers. This difference resulted, of course_ from the
fact that no coolant was ejected from the container with the vent system
attached.

The erratic behavior of run 2 (fig. 7(b)) is not clearly understood,
but mayhave been caused by the formation of hydrogen bubbles attached to
the bottom surface of the container as discussed previously for the open-
top containers. Another possibility for the erratic behavior of the
vented-top container might be that whendissociation starts and agitation
of the fluid within the container begins someremaining solids or rela-
tively viscous fluids may enter and block the vent tube. Such blockage
would result in an increased pressure within the container and cause the
dissociation process to be retarded and therefore the container tempera-
ture to be increased. As the temperature increased within the container,
the material causing the blockage in the vent tube would be melted, the
blockage would be removed, and the pressure within the container would be
reduced and an increased dissociation rate and a reduction in the con-
tainer temperature would result.

!
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CONCLUDING REMARKS

The results of investigating lithium hydride as a possible heat-sink

material for use in the cooling of the structural components of hypersonic

airplanes, space planes, reentry vehicles, and solid-propellant rocket

engines indicate that effective use of its heat-sink potential is possible

and that under the proper conditions lithium hydride can probably be used

as a coolant provided that certain undesirable cooling characteristics

can be tolerated. The results obtained herein were for a limited range

of heat fluxes (i0 to 40 Btu/(sec)(sq ft)) and relatively short periods



tO
CO

!

of operation (6 to 15 min). The problems that may be encountered from

higher heat fluxes, long time operation, or repeated use of an actual

system (such as corrosion, buildup of deposits on the container walls,

clogging tendencies in the vent system, etc.) were not considered.

For a temperature of 1880 ° F, ground level pressure, and a maximum

heat flux of 13 Btu per second per square foot, about 75 percent of the

lithium hydride dissociated and its heat-sink capacity for these condi-

tions was equivalent to about 8000 Btu per pound. The effects of higher

temperatures or other heat fluxes are not known. It should be pointed

out that lithium hydride has very good heat-slnk capacity even without

the additional benefits of dissociation; it may therefore be an attractive

coolant or heat sink for certain applications where it would not be neces-

sary for it to dissociate.

It appears that for the heat fluxes investigated (i0 to 40

Btu/(sec)(sq ft)) and the type of experimental container employed, the

cooling characteristics of lithium hydride during dissociation are such

that erratic and unpredictable temperatures often resulting in large tem-

perature gradients can occur in the container walls. Althou_h dissocia-

tion can be expected to start at a temperature of about 1500 _ F for am-

bient ground level pressure, temperatures approaching 1900 ° F are re-

quired in order to dissociate more than about 75 percent of the material.

The combination of erratic temperature behavior, high local temperatures,

and large temperature gradients may make dissociating lithium hydride an

unsatisfactory coolant from the structural design standpoint.

This investigation also indicated that relatively large ratios of

the free surface area to volume of the liquid lithium hydride are re-

quired to obtain effective cooling. Lithium hydride does not appear to
be a suitable coolant when confined to tubes having a diameter of 1/2

inch even for heat fluxes as low as i0 Btu per second per square foot.

Successful use of dissociating lithium hydride in a practical cooling

system will require considerable development.

Lewis Research Center

National Aeronautics and Space Administration

Cleveland, Ohio, December 15, 1981
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APPENDIX- CALCULATIONOFHEATABSC_BEDBY DISSOCIATIONOF

LITHIUMHYDRIDEFROMROOMT_NPERATURETO2000° F

The calculation to determine the theoretical heat content of lithium
hydride for the temperature range from room temperature to 2000° F was
the conventional type of heat calculation but slightly modified because
of the uncertainties of the actual value of the heat absorbed by lithium
hydride in the dissociation process. Inasmuch as the value for the
amount of heat absorbed by lithium hydride during dissociation at a tem-
perature of about IS17° F has not been established, the heat absorbed
during dissociation was assumedequal to the heat of formation of lithium
hydride. Because the heat of formation of lithium hydride Is generally
given for a standard temperature of 77° F (25° C), the calculation proce-
dure employedherein was as follows:

(i) Assumethat dissociation of the lithium hydride occurs at 77° F
(25° C) and that the individual elements of lithium and hydrogen then
remain to be heated to their respective final temperatures.

(2) Assumethat the lithium was heated from 77° F to a final tem-
perature of 2000° F.

(3) Assumethat the hydrogen gas was heated from 77° to 1517° F and
that at this temperature all the gas was vented from the system.

(4) Assumethat no recombination of the lithium and hydrogen with
each other occurs.

The heat of formation of lithium hydride was taken as -21.6 kilo-
calories per mole (ref. 1). The enthalpy values for lithium and hydrogen
for the range of temperatures concerned herein were obtained from the
tables of reference S. A summaryof the heat absorbed by the dissocia-
tion process and the heating of the lithium and hydrogen is as follows:

Heat absorbed by dissociation at 77° F, kcal/mole ........ 21.6a
Heat absorbed by lithium between 77° and 2000° F, kcal/mole . 8.055
Heat absorbed by hydrogen between 77° and 1517° Fj kcal/mole 2.835

Total .... 32.49_

a4890 Btu/ib.

This total heat absorbed converts to a value of 4.087 kilocalories per
gram or 7355 Btu per pound.

GO
O7



15

[O
CO

I

REFERENCES

i. Messer_ Charles E. : A Survey Report on Lithium Hydride. NY0-9470,

AEC, Oct. 27, 1960.

2. Esgar, Jack B., Hickel, Robert 0., and Stepka, Francis S. : Prelimi-

nary Survey of Possible Cooling Methods for Hypersonic Aircraft.

NACA RM E57LI9_ 1958.

5. Anon. : JANF Interim Thermochemical Tables. Vol. 2. Thermal Lab.,

Dow Chemical Co., Dec. 51, 1960.



16

_Vent tube
!

/

/

i • • _ J _Firebrick
O-in. -diam. _._e:_¢..1 , _/ cover

container-x _ _j_ _ _:_

........................................_........ !_ _ _"_ _._ ................,...:....................,.........,.,.....................
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::,_,_ _ _ .....................................................................!iiiiiii!iiiiiiiiiiiiii!iii!i!!!!i!!iiiiiiiiiiii_iiii!i!i!!!!iii!ii!iiiiiii_!i!:i:i_ii_ _ [_._`_4:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
iiiiiiiiiiii!iiiii!iiiiiiiiii_i_ii_iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_iiiiiiiiii_i_i_i_!iii_iiiii....... iiiiii!i

!iii::ii!i_!_!_!_!_!i!:J_:_:._:_:_::_ii_!iiii_iii_iii_!!ii!_iiiii_i_::: ::ii' !i!ii!!!!!!!!!!!!!i!i!i!i!!._r;s._._.a.tio_.ii!iii!!!i!i!!i!iii!i!iiiiii!

_i_ii_iiiii_iiiiiiiii!i!ii_iii_ii_i_iiii_iiiiiiiii_iiiiiii_iiii_i_i_i_iiiii!i!i_i!ii_iiii_iiii_
:i:i:!:i:i:!:i:!:!:!:!:!:!:!:!:!:!:!:i:i:!:!:i:!:!:_:i:!:i:!:i:!:i:i:i:i:i:i::.:i:i:i:i:!i:i:i:i:i:i:_:!:i:Ii:i:i:i:i:i:i:i:i:_!:!:!:i:!:i:!:!:!:!::!::::!:::_:_:::::::::::::::::::::::::::::::::::::::::::i::i:!::!.!:i:i::i:i:ii:::i::i:i:i_
i_::_i_!_!_!_!!_!_!!!_!_!_!_!_!_!_!_!_i_!_i_i_ii!iiii_ii!iiii!iiiii!iiii_!iii!iii!!ii:_iii_i_i_!_!_ii!i!ii!!_ii!iii!_!!!!!_!____i_i_ii_i_i__!!!i!!ii!!i!i!i_iiiiiiiiiiiiii!iiiiiiii_iiiiiiiq
:i:i:i:i:i:!:i:f:i:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

_!ii_ii_!_iii_!_i_i_2i_2;i_i_iii_iiii!_ii!i_!_i!_!!_!_i!_!_iii_i_!_i_ii!_i_;_:_::_iii!ii!iiiiiiiiiiilili_iiiiiiiiiiiiiilliiiiii!!iiiiiiiil;iiiii!?:1
I \ \
] \ _- Molten salt

I _-Crucible

Heater winding covered

by refractory cement

Protective

metal

covering

I

co
On

Figure i. - Calorimeter-type apparatus for determining efficiency
of lithium hydride coolin_ process.
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